ABSTRACT In the museum world, innovative design practices often result from collaborations spanning disciplinary borders within the museum. This article focuses on prototyping as one of the fundamental methods to support design activity, and to foster collaboration amongst members of the design team. In particular, the article aims to explore how prototypes support design practice by integrating knowledge coming from different team members' expertise. Using a qualitative research approach, this paper explores the use of prototypes in five digital media projects in museums. The qualitative data collected have been analysed and discussed through the lenses of the SocializationExternalization-Combination-Internalization (SECI) knowledge management framework. This study aims to contribute to a better understanding of how and why team members can take advantage of prototypes to create, transfer, combine, and embody knowledge.
Introduction
Designing digital media systems for museums is not only about designing the interactions for performing specific tasks but also about designing complex workflows, experiences, and interactions that weave together content, objects, information, visitor needs and expectations, in both physical and virtual space, while ensuring these fulfil the museum's mission and strategy. It is a interdisciplinary practice that often involves a large network of professionals, including directors, curators, educators, designers and developers (both internal and external), and sometimes other practitioners such as external advisers. This results in a situation where multiple voices with various backgrounds have to participate in the creative process in order to guarantee that different issues are considered in the design -from curatorial concerns to technical features. The final design solution should be the "best compromise", which satisfies all the p o s t -p r i n t v e r s i o n M a r c o M a s o n stakeholders involved. This is primarily because designing for the visitor experience must address design problems which require the synthesis of multiple viewpoints and knowledge. Prototypes play a crucial role in these processes of knowledge creation. Lim, Stolterman, and Tenenberg (2008) conducted a comprehensive study of the nature of prototypes as manifestations and filters for design ideas in which they define prototypes as the "means by which designers organically and evolutionarily learn, discover, generate, and refine designs". Prototypes also support collaborative knowledge exchange between team members (Muller and Thoring 2011) . A further advantage of prototyping at an early phase in the design process is the opportunity to "experience the design" (Warfel 2009 ), since a prototype goes further than just showing and telling, and as all team members can "play" with the prototype, thereby potentially increasing their understanding. Likewise, prototypes work as "learning vehicles" by which design progresses through repeated steps, each advancing its state (Wilkie 2010) . As Cavillo et al (2010) state, despite its polyfunctional character, prototyping is essentially an act of the "production of knowledge."
The question this study aims to answer is: how do prototypes support digital design practice and help integrate knowledge derived from different team members' expertise?
There is a significant body of literature concerning explanation and categorization of prototypes (Houde and Hill 1997; Lim et al 2008; Patrie and Schneider 2007; Rogers, Sharp, and Preece 2015) .
However, a review of the literature has indicated a lack of research into how prototypes facilitate the creation and passage of knowledge to all team members and stakeholders, thereby facilitating the creation of a digital system that results in an organic integration of different fields of expertise, from curatorial to design to technical domains.
By using qualitative research, this paper explores the use of prototypes in five digital media projects.
It aims to encourage theoretical reflections about how prototypes support collaborative design activities for digital media in museums by integrating knowledge from different team members' expertise. In this paper I will focus on relating the qualitative data to knowledge management theory: first by presenting seven p o s t -p r i n t v e r s i o n M a r c o M a s o n analytical themes which emerged from the qualitative analysis, and then by discussing them through the lenses of a specific knowledge management theoretical framework.
The theoretical Framework
Nonaka's theory of knowledge management (Nonaka 1994; Nonaka & Takeuchi 1995; Nonaka et. al. 2000; 2001a; Nonaka and Toyama 2003) offers a valuable analytical framework for investigating how knowledge is generated, transferred, and represented during the design of digital media in museums.
Nonaka made a fundamental contribution to the theory of organizational knowledge creation with his 1995 book, co-authored with Takeuchi, The Knowledge-Creating Company, which explored the phenomenon of organizational knowledge creation (Laird 2004) , considering knowledge creation as the source of continuous innovation for any organization. In particular, in this article I refer to the SECI model (1995) ( Figure 1 ). According to the authors' knowledge management framework, the process of knowledge creation moves from tacit knowledge to explicit knowledge and back. The tacit knowledge is personal and not always easily rendered visible and expressible (for example by a written document or a presentation), making it difficult to articulate and communicate to others. Hidden philosophies, beliefs, intuitions, and mental models belong to this category of knowledge (Polanyi 1967) . Explicit knowledge can be transmitted in formal, systematic language (Polanyi 1967) . It can be expressed in words, numbers, and images. This kind of knowledge can be more easily transmitted between individuals. Tacit knowledge tends to be available during a specific moment, while explicit knowledge is transferable at other times and in other contexts (Dubberly 2011 Socialization. Since tacit knowledge is difficult to formalize and is often context-specific, it can only be acquired by sharing the same experience through joint activities. For example, a designer might acquire p o s t -p r i n t v e r s i o n M a r c o M a s o n tacit knowledge from a curator by showing and using a prototype during a meeting. The prototype facilitates the sharing of tacit knowledge thanks to its intermediation between the designer and curator. The new tacit knowledge acquired by the designer is useful to further advance the design of the interface.
Externalization (from tacit to explicit) consists in articulating tacit knowledge by transforming the tacit knowledge into something more explicit. According to Nonaka (Nonaka, Konno, and Toyama 2011) "through externalization, tacit knowledge is expressed and translated into such forms as metaphors, concepts, hypothesis, diagrams, models, or prototypes so that it can be understood by others." This transformation makes knowledge sharable with other people involved in the project, and promotes reflection and interaction between team members.
Combination (from explicit to explicit) leads to the creation of new knowledge by the reconfiguration of existing (explicit) knowledge through adding, combining, integrating, and categorising.
This process aims to model a better situation; for example, by building a prototype that combines knowledge coming from different team members' expertise. As a new form of externalised knowledge, the prototype can be presented and distributed among team members.
Internalization (from explicit to tacit) allows individuals to embody knowledge by learning and acquiring new tacit knowledge in practice. This happens by "learning by doing" or by sharing, for example, documents, mental models, and prototypes (Nonaka and Takeuchi 1995) .
The Study Context and Research Approach

Study Context and Case studies
This article on prototyping is part of a larger study funded by the European Union, which I am presently carrying out as Marie Curie fellow -International Outgoing Fellowships (IOFs). The purpose of this ongoing project is to investigate the phenomenon of digital media design in the museum context by p o s t -p r i n t v e r s i o n M a r c o M a s o n analysing and interpreting existing design practices. Prototyping as an essential practice in collaborative design for digital media in museums is one of the core themes emerging from the study.
The five digital media projects which are the subject of this article were selected as case studies after a review of the current literature and attending international conferences. The case studies selected each adopted a human-centered design approach and undertook an intensive collaborative design process. I met personally with the project leaders of each case study before I started gathering data, in order to verify that the project met the selection criteria. The following is a brief description of each project (further information is available in Appendix A).
The Emerging Issues Commons at the Institute for Emerging Issues, NC State University, USA
The gallery comprises digital interactives and physical components through which visitors can explore statistical data-driven interactives, the personal stories of prominent North Carolina figures, and relevant social media (Figure 2 ). The exhibition was the result of more than two years collaborative effort between the Institute, a digital design studio, a museum planning and design firm, and a marketing agency. 
Gallery One at the Cleveland Museum of Art, OH, USA
Gallery One ( Figure 6 ) is an art gallery that provides visitors with a rich interactive environmentconstituted by digital interactives, a large multi-touch wall, and a mobile app. There are six interactive "lenses", each comprising a touch screen that interprets groups of related artworks. The lenses consist "of a unified framework upon which a variety of interactive multimedia, games, and vignettes were built. All six lenses share a similar home screen layout, framing the artworks in front of the lens." ( 
The research methodology
Grounded theory is the one of the methodologies best suited to generating theories of social process (Glaser and Strauss 1967) , where there is clear interest on the analysis of processes (Punch 2013) . For this reason, Grounded Theory has been used to study multidisciplinary design processes in several design disciplines (Jagodzinski et al. 2000; Lee and Cassidy 2007; Le Dantec and Do, 2009; Geber and Carroll 2011 p o s t -p r i n t v e r s i o n M a r c o M a s o n interviews) was subject to approval by a committee 4 on the use of humans as experimental subjects. To obtain informed consent from interviewees (appendix C), I provided the participants with a detailed explanation of the research, its purposes and procedures, as well as the participant's rights regarding anonymity, confidentiality, and withdrawal from the study.
The interviews were based on a qualitative research protocol that allowed participants to describe what things were significant for them during the design process (Kvale 2008) . I adopted an in-depth
interview approach with open-ended questions. In particular, I choose an "Interview Guide" format (Patton 1990 ), which was based on a common outline of issues: interviewees roles in the project, activities conducted, artifacts produced, activity and relationships with other members with and outside their teams, and design processes. I made large use of whiteboards during the interview sessions. The advantage of this interview strategy was to facilitate interviewees' descriptions of their work (design activities are often tangled, so visualizing relationships and tracing connections can be of great support); stimulate the conversation (designers are "visual people" who feel comfortable "speaking" with a marker in their hand);
by using a visual aid, relationships between things emerge more clearly (e.g. collaboration with other members) than with only a verbal description. Each interview lasted an average of one hour. The interview sessions were audio recorded and transcribed
5
. 4 MIT policy require that the Committee on the Use of Humans as Experimental Subjects (COUHES) review and approve all research involving human subjects that is performed under the auspices of MIT. The COUHES operates in respect of Federal mandate (The Common Rule 45 CFR 46). I completed and passed the appropriate human subject training course before the research protocol was approved.
5 The interviews of the first case study were almost all video recorded in order to make the best of the whiteboard strategy. I decide to adopt this very time consuming technique (in term of transcription and analysis) only for the first case study, as the initial phase of ground theory research is crucial because it creates the basis for further data gathering and successive analysis. For the later case studies it was more than sufficient to record the interviewees and take pictures of what written and drawn on the white board. When recording was not possible due to ethical restrictions, extensive notes were taken.
p o s t -p r i n t v e r s i o n M a r c o M a s o n
The data gathered were then analysed and interpreted, and constantly compared with the data about artefacts used in the process (Glaser 1978) . I used a piece of computer-assisted qualitative data analysis software named NVivo 10 (Bazeley and Jackson, 2013) , which supported the work of managing and analyzing the data. I started the analysis using an "open coding" approach that consisted of reading through the transcriptions, line-by-line, in order to break down each interview into segments. In doing this first analysis, I assigned a label to each segment. The label consisted of a few words that briefly described the essential property of the segment 6 . In the phase of "selective coding", seven core analytical themes were refined and selected.
Findings: Analytical Themes
This section of the article presents seven analytical themes that describe how prototyping takes part in the processes of creation, transition, and sharing of knowledge within multidisciplinary teams for digital media design in a museum context. Extracts from the interviews illustrate each category.
Prototypes as a representation of how the design "is going to work"
For the Native American Voices: The People-Here and Now project at the Penn Museum, the museum team worked closely with the digital design team on a prototype for both designing the information architecture and creating digital content for a multi-touch kiosk ( Figure 7 ). The following extracts will describe how the wireframe (Figure 8 ) helped the content development team at the Penn Museum to understand the interface structure and its interactions. 6 During this process of labelling, patterns of similar properties started emerging. They were functional in creating emerging conceptual categories that, during the "axial coding", I organized hierarchically and the relationships of which I started. I constantly wrote memos each time significant reflections emerged from the analysis, which helped to make conceptual leaps from the raw data to emerging themes (Birks et al. 2008) . At the same time, I researched appropriate literature (which is in large part reported in this paper) to understand existing theory, progress the analysis, and explain the diverse ideas which were emerging (Dunne 2011 ).
p o s t -p r i n t v e r s i o n M a r c o M a s o n
Lead Designer at Penn: "But what they're doing is thinking of them as isolated. And so my team's thinking of, I'm going to count all of these photos and I'm going to write all these labels and I'm going to do this. But no one seemed to be thinking about how it was going to work.
[…] And so [the external designer] is just like, well, where is all this content going? So we had this framework in place [the interactive wireframe].
[…] And trying to get them to understand the functionality of the interactivity as you're writing it and as you're building this information."
[…] I was like, this is what it's going to be. This is how the interactive is working.
[…] This is the functionality, because we had a basic understanding of how I thought it would function.
[…] And that really wowed them and they were like, wow that's going to be amazing. Right. This is why we need to do this"
The extracts refer to the initial phase of the design, which followed the conceptual phase. At this point, the museum team, together with the digital media firm, had already defined the overarching exhibition concept. In order to advance the design, the team had to face the problem of how all the content could fit in the digital media in terms of structure, form, and interaction. The digital media designers put their knowledge at the disposal of the content team by first defining, and then showing how to structure, digital information. By understanding how the system worked, the content team could produce digital information in a way that best suited the interactive experience. They were the content experts and the success of the digital system strongly depended on their contribution; in other words, their knowledge.
In the extracts the Lead Designer at Penn Museum stresses the importance of the content team in understanding how the system would work. Initially, the content team worked in isolation, producing material without taking into consideration how visitors would experience it through the interactive digital interface. The set of wireframes was essential to allow the content developers to understand how the digital interactive was going to work in order to build content according to the functionality of the interactive.
In this example the prototype worked as a shared representation of the design (Johansson and Arvola 2007) supporting collaborative work between content developers, curators, and digital designers. The p o s t -p r i n t v e r s i o n M a r c o M a s o n understanding of the system's interactions, its internal structure, and the configuration of the layout was more than sufficient to allow the content developers to contribute their knowledge to the design. The prototype was an externalisation of the design that worked as a common language, facilitating the sharing of knowledge between interaction designers (knowledge about interface structure and interaction) and content developers (knowledge about how to create meaningful information).
Prototyping for transferring and sharing team members' knowledge
Thanks to their ability to "externalise", prototypes can work as a vehicle to transfer knowledge. The following example comes again from the Native American Voices: The People-Here and Now project. This time the problem the museum and digital teams faced was how to make the layout of the multi-touch kiosks and interactive towers ( Figure 9 ) look a "little less traditional" and, at the same time, create visual consistency between the interactives and the exhibition. This section describes how prototypes support the integration of content, graphic design, interface design, and software development expertise. Besides different forms of expertise (from the project manager, to curators to content experts), the museum team could count on a designer who was in charge of the graphic design for the exhibition. In the following extract the designer explains the genesis of the graphic:
Graphic designer at Penn Museum: "So, we basically first look at our collections, and all the objects, and all the icons from the Native American objects. So, we found out that the elements can visually make the whole graphic look contemporary and in a very dynamic shape, because both can be put together in a very fresh way, but you still feel that these have a very deep connection with the Native American people."
During the design process the graphic designer produced several prototypes of the logo (Figure 10) .
Similarly to what was discussed in the previous sessions, these prototypes worked as "externalizations"
supporting the conversation between the graphic designer and the exhibit curator, who ensured the graphic p o s t -p r i n t v e r s i o n M a r c o M a s o n respected the meaning of the collection while also taking into consideration external feedback from the Native American advisers 7 . For my argument it is significant to note that the graphic designer at the Penn Museum also:
was already thinking that maybe I could use icons for the interactive too, and that I could use a lot of buttons on the touch screens. I believe when we discussed the design in the early stage, we partly had taken the interactive into part of the consideration already."
In parallel to the logo design process, the interaction designer -a member of the external digital media team -was working on the layout for the interactives, struggling to find an effective design solution to articulate the content provided by the content development team at the Penn Museum. She produced initial wireframes to define the grid at the base of the interface structure. She also used the wireframe to work collaboratively with the developer, who wrote some coding to prototype and test the layout interaction and movement in order to understand feasibility issues. The interaction designer produced a: In this example, the ability of prototypes to externalize knowledge faciliated the transmission of knowledge amongst team members. The prototypes were literally "vehicles" for knowledge sharing (Wilkie 2010) . Initially, the collection inspired the design of the logo, then the graphic prototypes were the medium to share knowledge with the exhibition curator, and, even further, with the Native American advisers; and finally, the prototype transferred knowledge to the interaction designer. In the same way, the wireframes fulfilled a similar function for the layout as it transferred knowledge between interaction designer and developer (as described in the previous session), between interaction design and content team. The prototypes work as a medium to support the dynamic migration of knowledge.
Retaining information
Knowledge transfer does not only occur in circumscribed situations, but also across the entire design process over longer periods of time. […] After that prototype, I pretty much went completely off the project. We brought another big project into the studio and I was very focused on that for a long time. By the time I was able to disentangle myself from that, a lot of this stuff that you're seeing here, these conceptual documents, had already been very fleshed out. It was time to start building it already.
[…] I had a period where I had to understand all of this stuff. I went through these documents [including prototypes] that we had gone back and forth with the client on. I had to go through all of that and then I had to plan out well, how are we going to build the back-end in that supports all of this stuff?"
The example shows that it is important to retain knowledge produced and place it at the disposal of team members during the entire project, especially for long processes that last one or two years. In this way, the knowledge made "tangible" by the prototype can be made accessible over time. This raises the issue of how to store prototypes, especially considering that teams are often spread out over different places and times. In this example, the institution and exhibition teams were located on the East Coast of the USA -in North Carolina and Washington DC respectively -while the digital design firm was on the West Coast. To make the communication as efficient as possible, they adopted a collaboration tool called Basecamp 8 to save the files or video records of the prototypes.
Prototypes for integrating expertise from different voices
The following example comes from "The Emerging Issues Commons" project. The context in which it took place was the conceptual phase. In this phase the institution and external stakeholders, the exhibition 8 https://basecamp.com. This type of web database is an asynchronous tool (Xu, Zhang, and Young 2008) placed at disposal of the teams for to-do lists, calendars and time tracking. It also offers the possibility to store and share any file format and to communicate through a text messaging system, which also allows users to comment on the saved files.
p o s t -p r i n t v e r s i o n M a r c o M a s o n design team 9 , and the digital media team 10 were all actively involved. In the following extracts I retrace the sequence of the main steps that led to the final "Modes of Interpretation" prototype.
Senior User Experience designer, member of the digital design team: "I use a lot of the tools [prototypes] that you just mentioned, like the wireframes, information architecture, personalizing scenarios, all those things are models that we are commonly using, and to me, they are primarily just communication models, you know, they're ways for people to understand the situation or gain a common understanding of the situation of what we're designing."
Interviewer (the author): "Do you use them mainly as communication tools? Or, I mean, are they also an opportunity to think about the design?" Senior User Experience designer: "No, they definitely serve as a way to think through the problem, you know, as we are making these exhibits, for example, North Carolina, the IEI exhibit, you know, the point of the wire frames is really to start to make our ideas, our big conceptual models, concrete, in interfaces, in whatever else.
[…] So it's a way for us to move forward. Even if the model itself is very high-level, it
doesn't go into the details, it's still very useful."
The senior User Experience designer is part of the digital media studio. His team, together with the exhibition team, created the Modes of Interpretation map, which is a conceptual prototype that combines four main aspects, that are: 1) the underlying narrative that was written by the IEI curators and then "translated" into a diagram by the user designers ("Meta-narrative" diagram, Figure 11) ; 2) the physical exhibition design, which consisted of initial sketches of the gallery plan ( Figure 12 ) designed on the basis of the narrative by the exhibition design team, with the contribution of digital design team; 3) the visitor experience goals, as a result of the audience study (Levels of Experience, Figure 13) ; and 4) the digital interactive opportunities (Conceptual Map for Interactive Media, Figure 14 ). These documents were the outcomes of a series of activities conducted throughout intensive collaboration between all teams during the conceptual phase and were used to realise the Modes of Interpretation prototype. For example, one of the key models produced was the Conceptual Map for Interactive Media (Figure 14) . that helped to identify digital opportunities. The Conceptual Map for Interactive Media is a framework that identifies the digital parts of the whole interactive system; that is, the digital media opportunities. For example, the "Questions" experience ( Figure 15 ) aimed to make accessible to the visitors the statistical data that underpins all policy decisions. A "statistic visualizer" was considered to be a good opportunity to satisfy this experience goal.
Only in the next design phase was this opportunity further developed and the actual 16-foot interactive wall built ( Figure 16 ).
Even if the Conceptual Map for Interactive Media was an effective representation for articulating digital media opportunities, it was not still sufficient to define how the digital media would be integrated within the physical exhibition. Therefore, the next step was to combine the three main areas designed by the exhibition team -Introduction, Question, Collaboration areas -with the digital media configured in the Conceptual Map for Interactive Media (Figure 14) . To do this, the digital media team elaborated the Experience Flowchart (Figure 17 ) as initial abstract visualization, combining visitor experience goals, digital media opportunities, and areas of the exhibition. All these documents produced throughout the collaboration of different teams were combined in the final prototype, called the "Model of Interpretation" (Figure 18 and 19). This conceptual prototype allowed for the organic integration of the digital media experience into the design of the gallery. The prototype supported the configuration of the gallery information space that consisted of the combination of physical space, the content, the digital media, and the visitor experience. All these elements, when well integrated, shape the way in which visitors "encounter"
information that, in turn, creates the conditions in which the visitor experience happens (Frascara 2006 ).
p o s t -p r i n t v e r s i o n M a r c o M a s o n
Prototype to explore the problem space
According to Dorst and Cross (2001; Dorst 2006 ) the creative process of design "seems more to be a matter of developing and refining together both the formulation of a problem and ideas for a solution, with constant iteration of analysis, synthesis and evaluation processes between the two notional design 'spaces'"
The co-evolution of problem space and solution space clearly emerges from my analysis, as prototyping contributes to defining the problem space while supporting the teams to find a solution. Prototyping is a design activity that can be seen not only as the creation of a solution -as we have just seen for the Map of Interpretation in the previous section -that could result from the combination of member's knowledge, but also as a way to exploit and combine different member's expertise in order to explore, understand, and frame the problem. In the following example coming from the Tenement Museum project, the problem space consisted in understanding whether and how the digital experience could be integrated into the exhibition. Following this extract, the designer described the importance of collaborating directly with the museum team to put together their reciprocal knowledge in order to explore and define the problem space:
Designer, principal of the digital media studio: " […] there was a big question: "Should you start in that room or end in that room?" Like what is the sequence in which we do this, because they wanted to know how to really integrate this digital experience with essentially a tour that they know how to write, they don't want [digital experience] to be different than everything else that they do. So by sitting with them, and this is where, in the concept phase, we really talked with them about "If we put it in the beginning what does that mean, and if we put it at the end what does that mean?"
The problem was how and where to set the digital interactives in the gallery to organically integrate them within the whole experience. The designers worked closely with the curator and museum staff to create a video prototype for exploring the design space and problems, while answering this question. In this case a video scenario (Figure 20 ) enabled them to explore the design space.
Designer, principal of the digital media studio: "In this first concept phase, we just had the idea. Here are some stories we want to tell, we need to be able to tell many different spaces, and we like physical p o s t -p r i n t v e r s i o n M a r c o M a s o n objects. So when you look at that concept video we made, it basically just has that in it. But it was enough to explain [and understand] why we need digital media in this space […] . So that was that first, initial brainstorming session. Then, we were able to flesh that out into a real [more defined] storytelling framework."
In the example, the museum and design teams explored the problem space through the creation of a story (Erickson 1995) . Scenarios and storyboards are effective prototypes for drawing a sequence of both events and experiences visitors may encounter and perform during their journey while using the digital media system. Only after having understood and defined the problem space can more refined prototypes such as "walkthroughs" allows the exploration of the high-level interactions visitors can perform during the experience.
Learning by prototyping
The education team at Cleveland Museum of Art worked collaboratively with a digital media firm for the design of all the interactives present in the Gallery One. Museum educators were instrumental in curating the space and its related experiences. Selected from a collective interview with the education teams, in this extract the director of Education and Interpretation (refers to the collaborative process with the digital design team for the design of the six interactive stations collectively known as "Lenses" (Figure 21 ) that allow visitors to discover information about related artworks placed adjacently. Being actively engaged in the collaboration with the digital team, the education team was able to "learn by doing"; they were acquiring new knowledge about the digital design, consisting, for example, in the relationships between interface components, layout and information structure, and a general understanding Director of the Education and Interpretation team: "One of the first groupings we came up with was the Lion grouping. That was a beginning and then from that we created different vignettes. Again, it would be an interactive grouping and we would hand it over to Local Projects and they would come in and come up with an idea for a media design or game to relate to that theme. And then we would talk back and forth, how it will work, should it be different? It was very collaborative.
[Then] we would create content in the form of spreadsheets and then we would give them to Local Projects with assets and different information."
The knowledge acquired and internalized by the education and interpretation team members was vital in producing spreadsheets and assets in which they wrote digital content describing the objects selected. All this information was then (re) combined with the wireframe and mock-up prototypes in order to advance the design of the interactive.
Prototyping stimulates conversation amongst team members
Prototypes facilitate conversation amongst members of the team. In the interview I conducted with Dana Mitroff Silvers emerged the benefit of using prototypes even in the very early phases of a project to stimulate conversation between museum members and encourage feedback in order to test early ideas. She describes the advantage of using a low fidelity approach for a project at the Getty Center 11 :
"It turned out that all the senior staff members and curators who were user testers completely understood the prototypes and were able to give the team feedback. A couple of more conservative staff members needed some gentle encouragement, but even in a test with high-level staff, including a vice president and a director, they understood that the purpose was to test a concept. No one had a problem with looking at a paper prototype." (Mitroff Silvers et al. 2014) 11
The redesign and reengineering of the Getty's exhibition Web pages at the J. Paul Getty Museum in Los
Angeles .
p o s t -p r i n t v e r s i o n M a r c o M a s o n
According to Erickson (1995) prototypes are "design artefacts [which] play a role in catalysing communication among the various audiences involved in the design process." Using prototypes as a tool to receive feedback from stakeholders is more effective than having them just read a document that describes the concept. This makes a low fidelity prototype an effective tool for communicating the design and creating an accepted set of references and a common agreement amongst museum, design, and development team members. This is particularly important in the early phase in order to consolidate the main concept between museum and design teams (and possible external stakeholders), avoiding significant changes in more advanced steps of the process (Walker et al. 2002) .
However, the feedback is important in any phase of the process. Another example suggests that the design team might look for different kinds of feedback according to the state of the design. In other words, it is important to choose a proper type of prototype to get useful feedback in order to advance the state of the design and development. In the following example, to design a very large multi-touch screen ( Figure 22 we couldn't get our way out of concept and out of wireframe and we couldn't get ourselves to a point where we could pull the trigger, but in fact I finally just said forget it let's just pick one, let's just start making."
As a consequence the design team started creating high fidelity prototypes (Figure 24 ) to test the information architecture of the system and the complex interactions it permitted. This approach turned out to be particularly productive for the team since:
Principal of the external design firm: "[…] this prototype was right in front of us, in full scale. We could suddenly imagine all the main ways to solve issues. So, this is […] the idea of these individual zones which we called irises; that came through loud and clear. The individual carousels were really working.
The way in which the individual irises could map, one to the next. And that if you chose an individual tile in between them it would just move to the closest iris. All of these things that now feel very very intuitive really revealed themselves here. And it was because it was full scale and we were all gathered together. We could finally just hash out exactly what was going to really happen. Rather than to project ourselves into what we imagined was going to happen."
Prototypes were welcomed by all stakeholders, since they represented the moment at which they could really understand the design. In this last example, the high fidelity prototype allowed museum staff to understand the design they had seen evolving through concepts, experience frameworks, content structures, and the wireframe of the interface. Thanks to their high degree of both aesthetic fidelity and functionality, high fidelity prototypes provide a real visitor experience, which is useful in order to receive specific feedback from stakeholders and visitors before implementing the final digital system.
Discussion
The findings from this study showed that prototypes can make a significant contribution to the knowledge management process in the design of digital media for museums. The first theme describes the role of prototypes to represent how the design "is going to work." They are tangible instantiations of design ideas (Coughlan 2007 ) created before the final digital media exist (Houde and Hill 1997) . Despite the type p o s t -p r i n t v e r s i o n M a r c o M a s o n of prototype used, the most effective is one "that, in the simplest and most efficient way, makes the possibilities and limitations of a design idea visible" (Lim et al. 2008) . Being tangible and visible results in a clearer way of communicating ideas within teams, and facilitating collaboration amongst team members (Johansson and Arvola 2011) . This is particularly important in the early phase, when the collaboration between all members is more intense, aiming to consolidate the main concept between all stakeholders, and to avoid significant changes in more advanced steps of the process (Walker et al. 2002) .
Prototypes can also promote knowledge transfer. According to Müller and Thoring (2011), prototypes are design artifacts that can facilitate communication between members of different teams, since they promote knowledge exchange. Rhinow, Köppen, and Meinel (2012) emphasise the relevance of prototypes as "boundary objects" between team members who belong to different areas of expertise. In their study, Star and Griesemer (1989) define boundary objects as "both adaptable to different viewpoints and robust enough to maintain identity across them."
As representations of ideas and media for knowledge exchange prototypes that happen at specific points of the project can also be used in later phases of a project. The findings show that it is important to store knowledge produced and place it at the disposal of team members throughout the entire project.
Prototypes have the capacity to retain knowledge and make it "accessible" anytime and anywhere to support collaborative work exchange (Muller and Thoring 2011) . This raises the issue of how to store prototypes, especially considering that often teams are spread out in different places and times.
Prototypes work as representations of, vehicles for transferring, and ways of storing, knowledge. By applying the theoretical lenses of the SECI model to the study, it is interesting to note that the three categories -representing, transferring, and storing -squarely fall within the "externalization" mode. As
Nonaka (Nonaka, Konno, and Toyama 2001) describes: "through externalization, the process of articulating p o s t -p r i n t v e r s i o n M a r c o M a s o n tacit knowledge into explicit knowledge, knowledge becomes crystallized, thus able to be shared by others, and becomes the basis of new knowledge."
Prototypes go further than merely externalising knowledge. They contribute to the process of combining expertise coming from different design team members. By building prototypes, the teams go beyond talking and thinking about a problem as they actually make progress through action (Coughlan 2007) . As emerged in the findings, prototyping is a process integrating members' knowledge that supports both the exploration of the problem space and the definition of a solution. This creative process sees problems and solutions evolve together through iterative cycles of analysis-synthesis-evaluation. In their seminal study, Dorst and Cross (2001) demonstrate that the problem-solving aspect of design could be described as a "co-evolution of problem and solution spaces." According to the authors:
"It seems that creative design is not a matter of first fixing the problem and then searching for a satisfactory solution concept. Creative design seems more to be a matter of developing and refining together both the formulation of a problem and ideas for a solution, with constant iteration of analysis, synthesis and evaluation processes between the two notional design 'spaces' -problem space and solution space." (Dorst and Cross 2001) The analysis essentially consists in the understanding (and not defining) of the problem; the synthesis reflects on the problem by generating and finding ideas for a solution; evaluation tests the idea for a solution. In such "co-evolutionary" and iterative design processes, where problems and solution evolve together, prototyping plays a fundamental role in deepening the understanding of a solution throughout any iteration. Prototyping allows for the evaluation of a possible solution and then the integration of team members reflections, expertise, and feedback for the creation of a new prototype, advancing the design toward a final solution.
According to Nonaka (2003) explicit knowledge "has to be actualized through action, practice, and reflection so that it can really become knowledge of one's own." This is exactly what happened in the p o s t -p r i n t v e r s i o n M a r c o M a s o n Gallery One example. Prototyping played an important role in facilitating the collaboration between museum and digital design teams; by interacting with the prototype, the museum team members embodied new knowledge (e.g. about the interface functions, information structure, and interactions) which then was able to create content that best fit the interactive experience. In the SECI model this process corresponds to "internalization." The knowledge any member internalizes becomes the base, together with knowledge they already possess, for a new iteration of design, thereby advancing the design toward the final solution.
Paraphrasing Nonaka (2001) internalized knowledge acquired by experiencing the prototype is (re) applied "to broaden, extend, and reframe members' tacit knowledge".
The prototype facilitates the process of engaging different members in a dialogue of knowledge exchange. Nonaka describes this process with the term socialization: "tacit knowledge accumulated at the individual level is in turn shared with others through socialization" (Nonaka 2001) . For example, a designer could help a curator experience a wireframe model, thereby stimulating them to reflect and give feedback.
Nonaka writes, "The key to acquiring tacit knowledge is experience. Without some form of shared experience, it is extremely difficult for one person to project her-or himself into another individual's thinking process." For example, a wireframe can create the specific context constituted by interface structure and interactions (this is the context of the design team). In this case, the curator can also participate in the design context and, by experiencing it through a prototype, can experience the design knowledge, which would have been difficult to understand through verbal explanations given by the designer. This process stimulates conversation, which is fundamental for advancing the design, as prototypes allow "stakeholders to experience the design and to give feedback" (Muller Thoring 2011). Knowledge does not only move from an individual to the entire team, but also the other way round:
that is, knowledge externalized by a prototype can be embodied by a member of the team and, in turn, be the base for new knowledge for further iterations of a design. Finally, prototypes can promote "socialization" since they facilitate the process of engaging different individuals in a dialogue of knowledge exchange.
If we assume that the final design solution should be the "best compromise" resulting from a creative process where multiple voices with various backgrounds and their own expertise take part, then the knowledge exchanged in this process becomes significant for the final design. For this reason, studying knowledge management in digital media design practices for museums can contribute to better understandings of how and why team members can take advantage of prototypes to create, transfer, combine, and embody knowledge. Knowledge creation is a continuous and dynamic process in which knowledge is built through perpetual interactions between the modes of conversions "in the spiral knowledge creation" (Nonaka 2000 (Nonaka , 2001 . In this paper I focused on different modes of knowledge conversion singularly outlining some possible interactions between the four modes in the spiral of knowledge creation. Further research focused on how and whether prototyping contributes to the dynamic evolution of knowledge throughout the four SECI modes would form an interesting complement to my study.
It would also be of interest to further investigate prototyping practices in digital media design for museums through other perspectives of knowledge management theory. The SECI model is just one part of the theory of knowledge creation conceived by Nonaka. The concept of "Ba" is another crucial and fascinating theoretical aspect to refer to in further research. Ba can be considered as a conceptual space underlying knowledge creation. Nonaka and Konno (1998 , 2005 define Ba in knowledge creation as a platform where knowledge is created, shared, and exploited. The core characteristic of this "space" is the interaction among individuals (e.g. team members) and with the environment (e.g. the space where design activities happen) occurring in a specific time -since Ba takes into consideration also the time when such interactions take place. It is not necessarily only a physical space (e.g. a design firm media lab) but also virtual (e.g. a collaborative virtual environment on the Internet) and mental (e.g. a shared experience facilitated by a prototype), or any combination of these three spaces. As a result, the concept of Ba denotes a specific "time and space" (Nonaka 2001) . As the staring point of a possible future strand of research, I
would suggest considering how and whether prototypes can facilitate successful knowledge creation in different types of Ba when designing digital media for heritage. 
